The aim of this work is to propose a plan for the choice of a suitable process for the treatment of a young leachate from municipal solid waste. Classical processes were applied: Fenton process, the coupling coagulation-Fenton process and the adsorption on powdered activated carbon (PAC). The study involves synthesised leachates from three types of wastes collected from sanitary landfill (SL): leachate of putrescible fraction (Lp), paper-cardboard (Lpc), sawdust (Ls) and the one of landfill (Lsl). The optimal operating conditions have been determined for the three processes . The three processes gave reduction rates of chemical oxygen demand ranging from 50% to 85% for Lp, 87% to 97% for Lpc and 61% to 87% for Ls. Whereas for Lsl, it was of 45%, 56% and 80% for the Fenton, coagulation-Fenton and adsorption processes, respectively. A modelling study was conducted to calculate the chemical oxygen demand of leachate produced during 25 years for different thicknesses of waste. This predicted value is used to advise for the process treatment to apply and to assess the environmental impacts in the long term.
Introduction
Algerian cities generate important quantities of wastes estimated at around 10.3 million of tons of household wastes per year in 2010. This production is in substantial progress because of population growth and important urbanisation. In urban areas, an Algerian produces an average of 0.8 kg of household wastes per day and in rural areas 0.6 kg per day.
In 2002, Algeria developed a national plan of actions for the environment and the sustainable development (PNAE-DD), which consists of embarking Algeria to invest in the ecologically sustainable development. Two programmes of actions have been set: (i) the national programme for the integrated management of household wastes (PROGDEM) and (ii) a programme named 'National Plan of Management of special wastes' (PNAGDES) (Kehila and Gourine, 2010) . To eliminate household wastes, Algeria opted for constructing sanitary landfill (SL) centres of class 2 through the realisation of 122 SLs. This policy allows eradicating illegal dumpsites at a national level. The survey undertaken by the services of the Ministry of Land Planning and the Environment (MATE) has revealed more than 3000 uncontrolled dumps throughout the country, occupying an area of more than 150,000 hectares and most often situated in agricultural land or along rivers (Kehila, 2014) .
The elimination of wastes in SL turned out to be a practical alternative, cheap and environmentally friendly. Nevertheless, complex phenomena take place originating from interactions between waste components and penetrating waters. In this case, physico-chemical and biological reactions take place, involving the decomposition of organic matter. The direct consequences of these transformations are the formation of leachates, which must be treated. The composition of municipal dumpsite leachate reveals time variations related to the site-specific features. Pohland and Harper (1985) proposed a global model of the dumpsite evolution in five phases as follows. Phase 1: Begins with the initial placement of waste and preliminary accumulation of moisture. Phase 2: Moisture content exceeds field capacity of the waste and leachate is formed. A transition from initial aerobic to anaerobic microbial stabilisation occurs; intermediates such as the volatile organic fatty acids appear in the leachate. Phase 3: Intermediary volatile organic fatty acids become predominant with the continuing hydrolysis and fermentation of waste and leachate constituents. The last two phases correspond to methanisation and maturation. All phases are based on the biological evolution of fermentable organic matter. Kang et al. (2002) suggest that when the aromaticity and the molecular weight increase with humification level, refractory compounds are formed. The degree of humification increased as the landfilling age increased. On the other hand, the young leachate (<5 years) consists mostly volatile fatty acid (80% -90% of VFA), small molecules and low weight (Kang et al., 2002) . It comes from the stage of acidification. In this stage, the amount of high molecular weight compounds is still low. It is characterised by a high chemical oxygen demand (COD) between 3000 and 60,000 mg of O 2 L -1 , a rate of biological oxygen demand (BOD 5 )/COD > 0.5 (Calace et al., 2001; Harmsen, 1983) . Leachate from the young sites has higher concentration of pollutant than old landfill (Yilmaz et al., 2010) .
Recently, there have been many reports about landfill leachate treatment (Wiszniowski et al., 2006a) (Cotman and Zgajnar Gotvajn, 2010; Ledakowicz and Kaczorek, 2004; Sabour et al., 2011; Zha et al., 2016) . It is difficult to get efficient treatment by one of physical, chemical or biological method; it often required combined techniques (Wiszniowski et al., 2006b) .
The untreated leachate from SL in Mostaganem city is collected in pools or discharged directly into the water bodies, causing damage in the ecosystems and human health. In SL, there is a second source of leachate that is related to sorted wastes (putrescibles, paper-cardboard, wood waste) improperly stored. They are waiting for treatment or a recovery process.
The primary objectives of the present study are the following.
(i) To determine the maximum leaching capacity of the wastes (putrescibles, paper-cardboard and sawdust representing wood wastes), for assessing the environmental impacts. (ii) To investigate different procedures (Fenton oxidation, coagulation-Fenton, adsorption) as pre-treatment methods for the removal of pollution from leachate generated in a local landfill, in terms of organic matter removal expressed by COD. (iii) To treat the leachate in its acidogenic phase, before becoming non-biodegradable. (iv) To be free of storage problems of leachate in SL. (v) To predict the COD of leachate by modelling using a real value as an initial value. (vi) To propose an adequate physico-chemical treatment on the basis of a theoretical diagram.
SL location
The SL in Mostaganem city is located in the municipality of Sour, 22 km from the main district, in the north-west of Algeria. This SL opened in 2010 and was exploited in 2011 to receive household waste from seven surrounding municipalities. It has an area of 15 hectares, two separate landfills of 100,000 m 3 with a lifetime of 10 years. The SL has faced many problems since its opening owing to the overflowing leachate. In fact, the pools are undersized; the surplus of the leachate is carried away to the natural environment. No treatment is planned for these effluents, which may contaminate the groundwater.
Material and methods
The leachates that have been subject to treatments by the Fenton process, coagulation-Fenton and adsorption in our work are: (i) the leachate collected from storage pool of SL (Lsl), (ii) the leachate obtained from the putrescible fraction of wastes of SL (Lp), (iii) the leachate obtained from paper-cardboard (Lpc) and (iv) the leachate obtained from sawdust (Ls). The leachates Lp, Lpc and Ls have been obtained by standard tests of lixiviation (European standard leaching test: ENV 12457-2) (Ademe, 1999) whose principle is based on the maximum quantity of organic matter likely to be leached by the wastes. Moreover, these tests give an estimate of polluting power expressed by the COD. They are considered as a simulation of precipitations on waste deposits (dumpsite, SL, etc.) and give an indication on the environmental impact of wastes (Feuillade et al., 2008) .
Lixiviation tests
The lixiviation tests have been applied on the putrescible fraction, the paper-cardboard and the sawdust. The waste samples were incubated at 105±2 °C, during 24 h, crushed and sieved to less than 4 mm grains. The crushing enables a better contact solid -liquid and homogenisation of the mixture. A total of 100 g of dried wastes were mixed in 800 mL of distilled water (liquidsolid ratio = 8), the mixture was stirred and maintained at room temperature of 20±2 °C until leaching equilibrium was reached (Ademe, 1999; Feuillade et al., 2008) .
The test was realised (i) without and (ii) with renewing of distilled water. In (i), the contact times were fixed to: 1, 3, 5, 24 and 48 h. Five samples of 10 mL were taken and centrifuged at 500 r min -1 for 15 min; the supernatant was recovered then filtered on 0.45 µm cellulos and nitrate filter. This experiment evaluated the polluting power of waste.
In (ii), the tests of lixiviation consisted of washing the same quantity of waste (100 g), renewing of distilled water every 24 h. This evaluated the maximum pollution potential evacuated by a waste.
The organic matter released was measured by COD, conductivity and pH. The results obtained estimated the necessary time to reach the leaching equilibrium, to determine the maximal value of COD and the number of renewals necessary for complete leaching.
Analyical methods
Leachates characterisation. pH measurements were done using the Universal model Multiline P4 pH meter. Electrical conductivity (χ) was done using conductivity meter Model DD SJ-308A. Biological oxygen demand (BOD 5 ) was measured by incubation during 5 days at 20 °C using WTW Oxitop bottles. COD was determined by closed reflux following the analytical procedure from Standard Methods. Determination of ions (nitrite, nitrate, sulphate) was performed using a doubled beam spectrophotometer (Optizen 2120) with 1 cm-long quartz cells. Suspended solids retained by a glass filter of 0.45 µm and dried at 103 °C-105 °C were determined gravimetrically. The Mohr method was used for chlorides determination. TKN was measured using the Kjeldahl method (BUCHI Labor Technik AG CH-9230) and ammonia nitrogen at λ = 425 nm using Nessler reagent. All these analyses were conducted following the Afnor standard process (Afnor, 1999) .
Heavy metal (Fe, Pb, Cd, Cr, Cu, Ni and Zn), and Ca, Mg measurements were performed using ICP/AES elemental analysis (Vista pro-Varian). All chemicals used for the analytical determination were of analytical grade.
Treatment diagnostics. The pH, the conductivity and the COD were measured during the lixiviation tests. The treatments by Fenton, coagulation-Fenton and adsorption were followed by COD.
Fenton reaction. These processes involve the generation of hydroxyl radicals (•OH), that have a very high oxidation potential and are able to oxidize almost all organic pollutants. Oxidation of Fe 2+ by H 2 O 2 leads to the formation of OH radicals according to the Fenton reaction (Fenton, 1894) :
A total of 200 mL of each sample Lsl, Lp, Lpc and Ls were treated in the presence of Fe 2+ (FeSO 4 .7H 2 O, Merck) and of H 2 O 2 (Panreac). The solutions were maintained under stirring at a temperature of 20±2 °C. The pH of the samples was adjusted to 2.8 by adding H 2 SO 4 (5M) solution (Sigma Aldrich). The progressive introduction of H 2 O 2 was carried out using a syringe with a hydraulic time fixed to 60 min. The COD was measured from samplings at 0.5, 1, 1.5, 2 and 3 h after centrifugation at 500 r min -1 and filtering with a 0.45 µm filter.
Coagulation-flocculation. The coagulation-flocculation treatment of the leachate was performed at 25 °C and atmospheric pressure. The coagulant evaluated in this study was ferric chloride (analytical grade FeCl 3 .6H 2 O, Biochem). The experiments were carried out in a conventional jar-test apparatus, equipped with six beakers of 1000 mL. A coagulant dosage in the range of 0.2-0.6 g L -1 was studied.
Immediately after adding the coagulant, the samples were rapidly mixed (180 r min -1 for 3 min) for a pre-established period, followed by a slow mixing stage for 17 min at 40 r min -1 and subsequent settling of the sludge sediment for 30 min. After the settling period, the supernatant was withdrawn from the beakers and used for chemical analysis.
The leachate samples were adjusted to pH 5.5 before the addition FeCl 3 .6H 2 O by adding appropriate amounts of H 2 SO 4 (5 mol L -1 ) or NaOH (5 mol L -1 , Merck). The COD removal was determined after coagulation-flocculation.
Adsorption. The experiments were carried out in batch systems with leachate volumes of 50 mL. A concentration of powdered activated carbon (PAC) between 0.5 and 140 g L -1 (Riedel-de Haen, specific surface of 658 m 2 g -1 (mesoporous) and a 20 nm grain size) was added to samples. The suspension was stirred for contact times of 0, 5, 15, 30 and 60 min. The COD was measured after sampling and centrifugation of 3000 r min -1 for 30 min to eliminate any PAC trace.
Results and discussion

Wastes collecting and leachates recovery
In previous work, determined the physical composition of household waste of the Mostaganem district. From each truck entering the SL, 400 kg of waste was taken as a representative sample. The wastes were then spread over a clean sorting area made of concrete. This manipulation was renewed for each truck. The characterisation was done manually (quartering method).
The composition of household waste received in SL has not changed during the last years. They find that the putrescible fraction is the most important (70%), followed by paper-cardboard (12%).
For our study needs, we recovered, fractions of putrescible wastes, paper-cardboard, sawdust and leachate from SL.
Physico-chemical analysis of leachate
The studied leachate showed a brown colour and faecaloid odour. The physico-chemical analyses are summarised in Table 1 . They show an acid character (pH between 4.8 and 5.5), which proves that the leachate is in the acidification stage. This trend could also be linked to the strong concentration of volatile organic compounds. Indeed, during the acidification stage, organic compounds are fermented anaerobically, yielding soluble organic acids (free volatile fatty acids). Acidogenesis is characterised by a decrease of the pH to 5.5 (Feuillade et al., 2008) . The temperature was 20 °C, a value favourable to maintaining of microorganism colonies (mesophileous) that develop at temperatures ranging from 20 °C to 40 °C (Fantozzi and Buratti, 2011) . The high values of the conductivity can be explained by the dissociation and the solubilisation of chemical substances during the rainy season.
The ammoniacal nitrogen is the main reduction agent in leachates of dumpsites and it is the major long term pollutant (Kjeldsen et al., 2002) . Despite the biodegradable character of the young leachate (BOD 5 /COD = 0.5), its high concentration of 482 mg L -1 can be a serious obstacle to the biodegradability of the leachate in the long term.
The organic load is very important (500 times higher than normal) and the concentration of chlorides, nitrates, phosphates, magnesium and calcium are very high. This means a beginning of an unstable phase of methane fermentation hence promoting anareobiosis. These values are due to excessive use of detergents, milk products and their derivatives, fruits and vegetables and wastes from all health care activities. The quality of leachate depends essentially on the composition of wastes and especially on the putrescible part. It must be noted that the presence of undesirable elements, such as heavy metals at high concentration, is owing to lack of selective sorting by citizens.
Leaching tests
The leaching tests were carried out using two methods: (i) without renewal of distilled water and (ii) with renewal of distilled water.
In order to determine the role of the type of material in the leaching process, the modelling of the solid-liquid transfer process was conducted. The nonreactive leachate/matter interactions were integrated into a mathematical model in order to determine the role of the material used as a leaching agent on the release of the pollutants represented by the soluble COD. This chemical engineering approach is a classical problem in the mass transfer field applied to our particular case by using the second Fick's law as follows (Bird et al., 1958) :
where D m s e ( / ) 2 is the effective diffusion coefficient of the studied element, C (mg of O 2 L -1 ) is the concentration of the chemical oxygen demand (COD), t (min) is the time of leaching and x (cm) is the diffusion axe.
If the duration of the leaching is long enough to reach the depletion (saturation) of the solute initially contained in the solid, the initial values and the boundary conditions are as follows:
( )= which is the uniform initial concentration of the solid
In this case, leaching of a block of finite thickness h, the solution becomes as follows:
This model of 'saturated diffusion' was applied to explain the experimental results of the two methods of leaching, that is, with and without renewal. The flux J t ( ) transferred through the interface to the leachate is inversely proportional to the square root of time as follows: It is interesting to simulate the leaching process by using the semiinfinite model. This model can be presented with the same approach as the first one by a difference in the boundary conditions: In this case, the solution of equation (2) can be explicit as follows: 
Also, this model of 'unsaturated diffusion' was applied to explain the experimental results of the two methods of leaching, that is, with and without renewal. Figure 1 depicts the variation of COD, experimental and simulated, of non-renewed distilled water after the leaching in the presence of the three solids. It appears that the depletion of the organic charge becomes sensitive beyond 8 h for the three materials. Indeed, residual release of very low intensity is not foreseen by the model. This deviation is explained by: (i) the presence of suspended matter and (ii) the characteristics of the porosity (Moletta, 2009 ).
We have noticed that the putrescible wastes have a strong polluting potential. A COD of 35 g O 2 L -1 is obtained after 48 h of leaching with distilled water. The wastes of paper-cardboard and sawdust released a quantity of organic matter between 3000 and 6000 mg O 2 L -1 . The release of organic matter goes with the diffusion of ionic species in the leachate effluents.
In order to valid equation (4), we have plotted the variation of the flux J t ( ) as a function of t , as mentioned in Figure 2 . The effective diffusion coefficients were of 10 -10 , 10 -11 and 1.2 10 -11 m 2 s -1 for putrescibles, paper-cardboard and sawdust, respectively. Theses coefficients are necessary to make a decision to support for possible utilisation in real cases.
The same approach was applied to the leaching with renewal of distilled water. The results of this study are presented in saturated diffusion. The leaching without renewal better follows this model, since the kinetic is not perturbed by an external factor, which is the leaching agent, distilled water in this case. However, the model of unsaturated diffusion fits the experimental results in the first 24 h of leaching.
To calculate the effective diffusion coefficients in the case of renewal distilled water, we have used once again the curve J t ( ) = t , as shown in Figure 4 . The effective diffusion coefficients were of 10 -9 , 5×10 -11 and 10 -10 m 2 s -1 for putrescibles, paper-cardboard and sawdust, respectively. We remark that the diffusion process was improved in the case of the renewal distilled water. Indeed, when the leaching agent is not renewed, the gradient of concentration is quickly achieved, which is show down the lixiviation process: the first renewal gave an important release of oxidisable organic matter for the three wastes of 32.1, 5.63 and 2.59 g of O 2 L -1 for the putrescible fraction, paper-cardboard and sawdust, respectively. The quantity of oxidisable matter washed by the studied waste indicated a strong leaching for the first renewals, and then a constant leaching over time, hence giving a released matter expressed by COD of 67.7 g O 2 L -1 for putrescible, 10.6 g O 2 L -1 for papercardboard and 5.4 g O 2 L -1 for sawdust. After the third renewal, the quantity released decreases slowly, which is explained by the exhaustion of organic matter. The global load of oxidisable matter, after 12 renewals, gives 95.3 g of O 2 L -1 for the putrescibles, 16.5 for paper-cardboard and 12.9 g of O 2 L -1 for sawdust. These results show that the potential of leaching varies from one type of waste to another, in the case of improper storage, the wastes will be responsible for a high polluting potential under the effect of strong rainfall (Feuillade et al., 2008) .
Leachates treatment
Without leachates treatment, the biological oxidation will play a natural role. In the presence of oxygen, the organic matter is partially mineralised under the form of carbon dioxide and water, and is transformed into stable organic products, such as humic substances. In this context, we treated the different leachates Lp, Lpc, Ls and Lsl by Fenton, coagulation-Fenton and adsorption processes.
It is important to add that the biological process in aerobic mode can be applied as a post-treatment to treat young leachate that has higher concentration of pollutants than old landfills. The processes applied in this study can be used to reduce the high COD.
In the case of leachate of the Mostaganem town, which biodegradability is relatively important, it would be more appropriate to apply a chemical process to remove colloidal organic matter, suspended solids, colour, turbidity, COD and organic nitrogen.
Fenton process. The application of Fenton process required an optimisation of reactants, which is realised on Lsl. The concentration of Fe 2+ ions has been varied from 560 to 5600 mg L -1 and the one of H 2 O 2 from 850 to 8500 mg L -1 .
Figure 5(a) shows the effect of the concentration of Fe 2+ ions on the removal of the COD of leachate. The maximal rate is obtained at 2800 mg L -1 of Fe 2+ , beyond this value the COD increased slightly. The effect of H 2 O 2 concentration is shown in . Note that the elimination of the COD increases until 45% for a concentration of 6800 mg L -1 of H 2 O 2 and remains constant. We found an optimal ratio H 2 O 2 /Fe 2+ of 4, whose goal is to avoid using an excess of reactants (H 2 O 2 or Fe 2+ ), which would have a scavenger effect on hydroxide radicals. In the Fenton process, the scavenger effect during oxidation of organic pollutants has been reported by several authors (Kurniawan et al., 2006; Tang and Huang, 1996; Yilmaz et al., 2010) . Figure 6 (a) shows that the COD removal efficiency increases as a function of the treatment time for each category of waste. After 3 h of treatment by Fenton process, the degradation reaches a maximum of 50%, 87% and 61% for Lp, Lpc and Ls, respectively; and only 45% for Lsl. Previous works on leachate treatment by Fenton process gave a decrease in COD removal ranging from 55% to 70% (Yilmaz et al., 2010; Zhang, 2005) . The degradation rates obtained for the leachates are not high, which is often attributed to their complex composition. During the oxidation, the organic matter decays until formation of the end by-products of reactions, which are mainly made of a short chain of organic acids that are difficult to be oxidised further (López-Cueto et al., 2004) .
Coagulation process
Effect of pH on coagulation. Experiments were first conducted with and without prior adjustment of pH (4-9) employing 0.4 g of FeCl 3 .6H 2 O. Figure 7 (a) depicts the removal of COD at different pH, it can be seen that the removal efficiency without prior adjustment of pH was at the highest, with 22.5% COD removal. The coagulation efficiency was obtained at the optimum pH of 5.5 and coincides with raw pH. The removal efficiency was better in an acid condition because in a basic condition, ferric (Fe 3+ ) can react with hydroxyl (OH -) and form Fe(OH) 3 or Fe(OH) 4 ; this phenomenon is explained by Li et al. (2010) who found the same optimum pH in the treatment of landfill leachate by coagulation. Coagulation-Fenton process. To improve the treatment by Fenton, we proceeded to a coupling with the coagulation (Figure  6(b) ). The treatment has been carried out by coagulation first, with an optimal concentration of coagulant of 0.3 g L -1 of FeCl 3 .6H 2 O, then by Fenton. In the presented experiments, the combined methods were performed using the optimal operating parameters that were determined earlier.
The idea of this coupled process is to eliminate the organic fraction adsorbed on the colloids and suspension materials, that is, the hard COD by coagulation, then to continue the treatment by the Fenton process in order to decrease the soluble COD.
The utilisation of ferric chloride is not arbitrary. Apart from its reasonable cost compared with other coagulant agents, we thought that its utilisation as coagulant in a leachate rich of chloride ions will increase the flocculation zone of FeCl 3 .6H 2 O. Indeed, the effect of common ion will accelerate the precipitation of micro-flocks formed at the beginning of the germination stage, which is typical to the flocculation process. The Fenton process initiated by a coagulation with FeCl 3 .6H 2 O has improved the results with a decrease in COD removal of 70%, 89%, 84% and 59% for Lp, Lpc, Ls and Lsl, respectively. In such a combined method, the efficiency of the first stage is an important parameter that influences the second one and consequently the efficiency of the total process.
On the basis of their results for the treatment of non-biodegradable SL leachate, Barbusiński and Pieczykolan (2010) have integrated the coagulation to the Fenton process and have improved the COD removal efficiency, which is in agreement with our results.
Adsorption process. The effect of adsorbent dosage was studied by varying PAC loading from 0.5-140 g L -1 . Leachate of SL was left in contact with PAC during 60 min to favour the thermodynamic equilibrium.
Figure 8(a) shows an adsorption rate that increases exponentially as a function of the quantity of PAC, hence giving an optimal concentration of 60 g L -1 , this is owing to the availability of adsorption sites (Wambu et al., 2011) . From this value, we recorded a slight decrease, which is attributed to an agitation problem and to the saturation of active sites. Consequently, the sludge became too thick to stir as it was reported by Wambu et al. (2011) .
The optimal quantity found (60 g L -1 ) has been applied to all leachates treatment (Lp, Lpc, Ls and Lsl). Figure 8(b) shows that the COD decreases rapidly as a function of contact time. In the first 5 min, the adsorption rates reached 68%, 85%, 86% and 48% for Lp, Lpc, Ls and Lsl, respectively.
After 60 min of treatment, the elimination rates were of 85%, 97%, 87% and 71% for the four studied leachates. Cotman and Zgajnar Gotvajn (2010) have found that the most effective concentration of PAC was 50.0 g L -1 , 63%-92% of COD was removed from leachate generated in a local landfill. 
Decision support for advising a treatment
On the basis of the results of sections 'Leaching tests' and 'Leachates treatment', it is possible to manage the treatment method.
From equation (3), it is possible to calculate the COD that can be formed by knowing the effective diffusion coefficients (D e = 10 -10 m 2 s -1 ), the thickness (h) of the waste bed through which the leachate is formed and the leaching time (t).
To be near to the real conditions, leaching time was fixed at 25 years, which is the maximum time that a technical landfill can operate. The thicknesses were adjusted to 10, 20, 30, 50 and 100 cm. In this way, the model of equation (2) will predict the COD values more closely to reality. Figure 9 shows the variation of the calculated CODs with the time of leaching for different thicknesses of waste. This illustration is very useful and easy to use by the managers of the landfill. Its objective is to provide a technical solution to the problem of leachate: (i) degree of maturity/age (young, intermediary or old) and (ii) the mode of treatment that is adapted to it.
As expected, the model stipulates that the higher the thickness of the waste bed, the more leachate is charged with organic matter. For 1 m, the COD remains equal to 57.6 mg of O 2 L -1 for 25 years of leaching. This value is reduced to 11.92 mg of O 2 L -1 for a bed thickness of 10 cm, that is an elimination rate of 79.3%. Whatever this elimination rate, it is important but remains far from the accepted concentrations. It is for this reason that the suggestion of a wastewater treatment, even conventional and well known by the specialists, is essential to surpass a crucial environmental problem. In this context, several management scenarios of treatment can be proposed: (i) combined coagulation-Fenton process to treat the young leachate (t leachate < 17 years); (ii) adsorption or coagulation process for the treatment of the old-intermediate leachate (t leachate > 17 years); and (iii) the more the waste bed is spread out (h = 10 or 20 cm), the more efficient is the treatment; (iv) possibility to treat an old leachate by a single process (adsorption or coagulation), when the COD is less than 28.8 g of O 2 L -1 . This approach can be applied in the case of the leachate produced by the controlled landfill of Mostaganem: four zones are distinguished according to two boundaries, that is, the half-life time of leaching and its correspondence in COD. Table 2 depicts these zones and the decision that can be taken to apply a chemical treatment.
The choice was motivated by the treatment experiments presented in the section 'Leachates treatment', in which it was found that the highest organic matter loads must be treated by a coupled process (coagulation-Fenton process) and that the less loaded can be treated by adsorption on activated carbon powder.
Conclusion
Based on this study, it is obvious that a choice of treatment methods exists. However, a lack of awareness, legislation, laws, knowledge and skills are obstacles to waste management. The local and national authorities of our country must direct their efforts in improving waste sorting processes at source and at the SL. Appropriate legislation needs to be put in place to limit the impact on the environment by all sources of leachate.
The interest of this study is to propose a solution to the problem of leachate generated by SL of Mostaganem city. The leachate treatment cannot be universal because this type of . effluent depends on the collected wastes and on the evolution of the dumpsite. The applied technologies to the effluents treatment belong to three major families: physical, chemical and biological methods. In our case, we obtained promising results with the coagulation-Fenton coupling and with the adsorption. A treatment choice is essential before throwing the leachate out of the SL to avoid any contamination of surface and/or underground waters.
The treatment of leachates requires the development of a strategy over the medium to long term. In this context, a modelling study was conducted to help the operators of the landfill to decide the type of process to apply for the treatment of leachate.
